%55 5% 4 + ¥ @ Vol. 55, No. 4
2024 %8 A Chinese Journal of Soil Science Aug., 2024

HRfERAERKEXNE LR EIEFT VR R

IO, E O EERKY, R E RN AR, SRITH

Q. P ERFEER RIS A A BT, SR K& 130102; 2. FEFFER K, 65 100049; 3. ZEL K2, #HbK 27 133002)

B OE: [HE] VGRE I A MU A RE O R XA DL OR R0 R BT 467 (4 B 90 418 (3 Bl 5040 A
WRAE. [F¥E] DMEEM XA h 2R AT AT R, il iR e s, AR RRRSIR . RS, Rl

B R R3S K BN R R A MU . (&R S MU X R Ak R e B 2 57 B35 . RIRmT sl
Bl BEA VR SORCA NI & BB AR AR 03 IIESEn, Uk 20 5, SERMIREEVDN, B TR
SEy IR RR A A RRD 12 KA T 0.160 ~ 0.164 g kgt Z (AN . REE IR EAG. Bl Ab IR T Al R gk
BT E VA ML R A LR AR A MR & 10, T - 3R M B TR A R D i 14 R E 1) A T B A, BE Rk IR
ERITFETIIN, (HE B AL TR 10.42% ~ 24.48% .. TIETTVEMEA NN B AA NIRRT A HLR S B B
SEF RN N ZE 57 B, OREGINF AL 12 ~ 48 h I, BRI RGN AL (61 R A 2 e & B B K, R4S
B E A 96 h B, PEIREIIE 52.60%. BEZE LIRS /KEIGIN AT A AR B 4G HUBABURLA ML & RO Wi n, 44
KEAH K E R 80% ~ 100% B, HHAWEK S EIMNKREE, WIEAT] 9.69% ~ 38.48%; T LIBMAENERE &

MEZRG AR, 25 KE 9 H RIEKE T 80% ~ 100% K, &

BEEARE.

(458 ] VRRMEI A R T 1 sl g if L e

HUBK & 8, SE R R S m i im e A HUBR AL 2 & &, (RE 3R 1083

x 8 W HEEL, SKE; B4 AR
hE53ZES: S153.6 XHERERIRAD: A

DOI: 10.19336/j.cnki.trtb.2023083101
t M, E
55(4): 953 — 959

STEHE: 0564-3945(2024)04-0953-07

T, B, REE, RS, skECE. dRERE S S KR B A S A YRR RSN (7], sl AR, 2024,

WANG Nan, WANG Yang, CUI Zheng-wu, YUAN Yu-yu, XU Lin-hao, ZHANG Ke-yu. The Influence of Freeze-thaw Effect
and Moisture Content on Active Organic Carbon in Black Soil[J]. Chinese Journal of Soil Science, 2024, 55(4): 953 — 959

(B e X R A 34 2 i T L3R FE 7R 0°C
5 B Il o s ) N IO SR S L R R E /B BT SR ]
AT R 4 R R X . 5 7K A 5 1 R
BEEANRT O EERE T, AFTESKES
SRR A R A R, R ALE I T o
B TR BRSNS K E AT E AL R, i3k
S T IEREYNEYE . A WU R B LA DL AR
VIR NP 4 AE 2. nliE v ALK
(DOC) . BHAFHM (LFOC (HIFHERAAN
i (FLFOC) M ZE&RMHAANIK (ELFOC) )
WA ER (MBC) FBURA WK (POC) FFxt
BiE A MUK I = ELRAE 4R br, B mA . 5
BT A 0 43 SR AT AR B X R AR 4 3 4 SRR
RE 0% PR e ke L 58 LA BR A AR AR e B, HL 7
KB 2023-08-31; 1EiTHEA: 2024-01-15

ELWB: AR RRBITTIE (202102030055F) .
(XDA28020102) ¥ Bl

B KA K VR R FE A B E e, LRl ABF
k1 DOC K Ty LIRS 4
PRI 2R R He i, o Ry ST R RAE RS
A UL R R ) e U AR B B B AR . LFOC
e LA S T o Uiy, HEsgt
AN S B 15% ~ 32%, 4t AN A
R 3 ~ 11 £, AIVEA B3R F R AR
MBC & TR AEY) & R S, S S5 HNERNT
ol FEFER IR TSR, Xt
T IEE WAL AN R ik 22 2 (8] () e B e 4 B4R
POC & DUV 1 B S A7 76 BORE A0 2 7 - 338 ks o
FIEER A FLUFUERL (0.25~2mm) B, & RMAR
T AR XS A MUK 2 5 () BB R bR . 7E FH ) B
WAL SE IR 26 1F T, Grogan 25 fF 70 R I, 4R 45 Ak

[H 5% 32 il % 95 A L 0B (2021FY100402) A o [F R} 2% [ 4% 0% M 56 S5 R & 00

YEB®IT: £ M (1998 , 4, HHREWEWA, ek, §F07 AR AR 5AE MRS . E-mail: wangnan@iga.ac.cn

EWAER: E-mail: cuizhengwu@iga.ac.cn


https://doi.org/10.19336/j.cnki.trtb.2023083101
mailto:wangnan@iga.ac.cn
mailto:cuizhengwu@iga.ac.cn

954 + ¥ @ R %55 %

HAD XGRS L MBC A B EF WM. B 1 #Rl5AE

Schimel #1 Clein” }% Larsen 25 %% ¥l + 1% MBC BHi% L

ALK RN R I e B A ey, B M1 PIREKSRRERS

A T WA, A T AR BT P . B 25 (BT (44°12'N, 125°33°E) (LA KA
B R4 HE DOC B RE e Bk AL, TRIERAAR R R UR, E R 500~
TG VR MU T L POC R MG R Ess 650 mm, ERIRHAE 4~ 9 H . SETEYTR 42°C,
VO E S RN, [ARBFSE I &R] B i 4 3 A aIITeG, R G ZBE AR T E T
- (X A A HLRR R 2 LT i R R 1 e AiAt, B 11 AYIRRIZET N, FETTEMEE FRAR
FOTREBEM, Se TURabE N 2k dig s W RGVRINGR, (R TUR LR AR P e i
I, FK %M TR G SR OO R TR P RO R AR, h
W, iSRRI — e, [ AUEE, FURMERRE L, AR S R,
PR DL 2 L H X SR b 2 [ B SRR AT 2021 4 10 A4, fEPEBEERB AR LI S A
WR, B IEAT T R LA Sk e RS FT A RA  RAE TR AR 0~ 10 cm
TEVEE PRI, Hon LIS IR IO EHERER, RO R 2 R R 3 2 mm 7,
B, NERAT LA S RGRMBALEIRAE A RT R AT R AT, B H 4
Sl KRR R BT A R TR . SHR R 1 BTR.
i AL

*®1 AU TEEEAMER
Table 1 Physical and chemical properties of soil tested

AL fEbR pHIH KHE (gem?) HHBE (gkgH A KR (%) kLS (%)
Physicochemical index pH Soil bulk density Organic carbon Field moisture capacity Clay content
fE e 6.14 112 24.8 43.5 33.57

1.2 it BN SC, LL24h I NGB AN, KA~

FREL 500 g (R 3T 1L ey, s ke FPIEmleh R A R a7, 34T 00 2. 4. 8,
SRR 80%, 15 10°C fEE SR P 122 20 F1 32 JURRSEE Rl

Wiz 14 do BB RFEGRSR. HEN . % (2) VRRLIRSE IR
y k=1 VB RE 4 B i
L FEE T 0 A K B 4 AT VR BRI, RS R a. VR4 AP IR P O S

% 2 R B RRRAE B E], DL 24 h A—
ANRREZZE I, B S /K E N EFKE T 80%,
PR G535 43 I N—5°C. —10°C A1-15°C, RbfLiR
FER5°C, 347 12 YAk R ISR RS .

5 b A AR Ao HEAR G, AR AR BRI B R IR S
10°C. AL 3 IREH,
(1) REMSTTIR H 52

i I %32 ﬁﬁﬁi%ﬁ@ E‘Jjﬁl}%%n i 1E), R b. Vi A ATEAL I ]

TRC-50 A m R IR SL I A AT R B0, W & IR 2 P S R B AL, B A K E
KRS RN 80%, WREIRIIAN-10C BHE gk 80%, Pelvkg:t 551 12, 24,
0 BRI R R R ] 48, 72 M196 h, RMLINIRDY 12h, HEAT 12 IRVRRLAE

Table2 The temperature and time of freeze-thaw alternating i

test (3) HBKSEERIMN
Bl E (h) BE (O WA K S, 045 LA K E S v
?e;; Ti“l“e Temp:ft(‘)“e K B 40%. 80%. 100% F 120%, HEAT 12 1K
2 e . 0~-10 VR R PR RS o [ AR (R R o) TR 398 5 /K o F ) R
3 s 10 -10 K 80%.
o ! o 13 EWIE

6 fitfl, 10 10 I A R KECR = A TR E .
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DOC K H Z& /KR $& L 0L, 38 A TOC-VCPH
AL B A E i, 3% LFOC 2 R 54 2 2
Hik, sEHmRA. EAEH, P 0.15
mm 5, SR AN — SRS IR A & BRI E
3% MBC K H &1 B75—K,SO, IZHIERE, @it

FIFH A5 MBC = Ec/0.38 1153k 1H. L1 POC 1
FEHFHEEES (R L AT 5E
1.4 Sitoth

SKH SPSS 27.0 AR His #k 4T G it b, FIH
FAIR T Z2 50 TiE (one-way ANOVA)D X AN [ 145 il
IR 2% A A 43K o) B 2 2 B ) B s ek 2H 40
GRITEREZE SN, KH Duncan £ TANE 4L
HENAREIRCEMER R EERER, ¥ P<
0.05 K, ZRMAESRI Y EHE L. KH Excel
2016 F1 Origin 2021 3 {474

2 HER55H

2.1 KSR R AR VIERA S B RNT

wE 1R, fERIEEKERNHBRKER
80%, UREEIEN-10°C. FLIRE R 5°C IV mlig
WEAETR, AEUR BTG 4 35835 1 A HLRR 2050 1)
HEERW (P<0.05) . BEEGBSRGE N, +
B DOC. LFOC ¥JiZ#iishn, 118 DOC & &1 %
AR 4 UK 5 BE IR HEB - 2%, TEVRAE IR 32 Ik
Ja S ' RN T 93.31%; HAIEHA 8 ~32 5,
% FLFOC & &8 IR7E 0.61% ~ 3.59% 2 [a]; i -1
ELFOC & R ERRE 12 RIS a0 38.81%, IbjA
ToP%. 148 MBC B4 VR RCECE IEET AR, R
FIEIR 12 ~ 32 IS, MBC F&7E 0.160~0.164 g kg™
Z ;. L3 POC & BAEVRAIEIR 8 UK, LU R VR il
ARSI 18.06%, I Fifi 4 i 52 B IR B g, 3
BRI HA B PR IS
22 HEhRER R EEEVERAS RN
221 ARBEGYH WE 2 FoR, ERIESK
HONH AR KR 80% 4+, &id 12 KK
NG RII, VR4S i 1 PR A AN A I BE 1 T v 3 T
et 3% DOC. LFOC &R, MR gs -
15°C. AR E N 10°C 1, +3% DOC & & 16t I
Y RIEINT 95.42% F1100.63%; 41545 E N—-15C
i, HxHEAMEE, +3% FLFOC 1 ELFOC & &g
535N 18.67% ~ 30.32% F1 16.83% ~ 40.34% . il
B3R FE N 10°C If, +3% FLFOC 1 ELFOC % & 4>

3.0,

25 ¢

it (gkg)
Content

0.5 F

VRRAIR
Frequency

AN FK S B2 A R A HUBR AL 53 A R VR R 21 B0 ) 22
AEE (P<0.05) , NFE/NGFERIRAFRRIEI KL A
WA HURAL 2R BE (P<0.05) .
B 1 FRESA &SR VERE S BRI
Fig.1 Effects of freeze-thaw frequency on active organic carbon

components

AIELXTHRIE N T 33.57% F 42.64%. b=, B
FHLR TG, T3 MBC & LIRS,
T AR 4 e 3 MBC S RIS A 1IN . 4154
BER-5C BFE-15C K, T3 MBC & & Xt g
IRSIEAR T 13.54% ~ 24.48%; BALIRFE N 10°C I,
+:3% MBC & & Lo RS FRS T 10.42%, (B LGl
TRIRE R 5°C I T 4.16%. L3 POC & B4k

3.0 rEA DOC B FLFOC [[]JELFO!
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25¢ o &
= Bb Ab
_E‘D g Cb m
0=
18 S
b1 1L
C c A
0.5 N
B%E Ad A%E.
=10 =15 10
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Temperature

A RK'S T RER R FE A HUBAEL 20 AN R R 2 IR R I 1 2 57
% (P<0.05) , RREVNGFRRISAIFR AR ARG AL
AN MZREE (P<0.05) .
B2 HEREN&EEEVEREAS BRI
Fig.2 Effect of freeze-thaw temperature on active organic

carbon components
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POC & & MWIGIN, HEIREAN-15C K, T
POC & EWIN T 5.10%, 1M 4515 M—5°C B#AK
Fl-10°C i, +3EPOC S EHINT 12.96%.

222 CARRETREI69Hem  (E RIS K E N HIAEEK
) 80%, HLEIREAN-10C. FLIEEAN 5°C K%
REIR AT, B R GG TR 38 o, 3 DOC %
TR0, HUREE RN 48 h N, RIHEHN 207.21%,
HYRZ5E A DOC EEitm AR (K3) o b
FEE A, 3% FLFOC & &Ei&uism, 18
e MR RS ey L R S B T WA N b R 2 R 1
96 h i, HAEWINT 60.74%; +3E ELFOC & &
BRI B S S, M URGE I A 48 ~ 96
hitf, 48 ELFOC & & F£1K 7 13.19% ~ 17.40%.
+ 38 MBC 4 £ B 5 o [R) 385 Jon 0] 22 30 7 A A1 P e 3%
MUREERT AN 12~ 96 h i, 3% MBC & & Lot i
FEAK T 14.58% ~ 52.60% . BEE VRSG5 AI1G I, 1358
POC & & 2 /a5 B W B AR B 3, MR 45 1 1)
N 12 h iy, 3 POC 34 inme B Bk, AR EL 5 R
BINT 20.83%, TibEHE LS EIFIG N, POC & &
B AR -

3.0,
777 DOC BB F1LFOC [JELFOC
Ba

s (I
5 A Ca
Da N i
f ] \ § Ea

N
N

N

N N

N N

. :

De [+ Ec |2
Bd N Ad N
7 L N
AR N
%= BEN N

48

12

Ff 1] (h)

Time
AR S B2 M R A HUBR AL 23 A () R 45 I ) B 1) 22 57
F (P<0.05) , ARVNG RIS RIR G5 ) A R3S A L
A ZREE (P<0.05) .
3 ARRARTE X & TE A VIEREA S B0
Fig.3 Effect of freeze-thaw time on active organic carbon

components

23 SKENEBELFEEEVBRAS KN

WE 4 FR, EHESGEEN-10C, MLz
N SC MERNREAAHE T, &0l 12 IREGERE G K&
W, HE/KEANHAEIKER 40% ~ 100% K, +

% DOC & &1E 0.135~0.184 g kg Z I8, LA Ad
X B AL BRI N T 18.42% ~ 21.85%, {H24& /K& NH
[ FE /K& 1 120% B, 13 DOC 38 i & & 2 P,
FHEE TR R oo R A FRAIE 0 20.51% . 487K EN
HH ) FE K B 100% B, 5 R GRRL ARG, 138
FLFOC 5 ELFOC & &7 734N 1 11.82%. 38.48%.
R WA A3 38 MBC & =08 37 PR K, BE AR IR B 72
22.73% ~ 31.54% 2 I8 . 4% 7K & 4 H A KF 7K & 1)
80% ~ 100% i, MBC & &iZWiE T10E . RatfE
FRBEAN [ /K & 3 POC & &3, X5 /KE
N B RF KR 40% B, H3EF) POC & & 5 K%
XTHEAR AR AN B, M E K& 43 i D F R FE K
1] 80%- 100% A1 120% K, 3 POC 34 i & 43 5
N 10.59%. 6.88% 1 15.81%.

3.0 riADOC B FLFOC [-]ELFO

Ba

25+

Ab

>
=

>

d

7 B
120%

100%

80%
K (%)
Water content

CK

FE AN RS TR RS AT HLBS AL 2 AN [R5 K BRI 0 22 S Jk
(P<0.05) , AFE/NGFRERISAHIF SR B AS RGP LR
SIEREE (P<0.05) .
B4 SKEXNEFEEEVERAS I
Fig4 Effect of water content on active organic carbon

components
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Yz (A, s AR A % i e 0 R AL S
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SO0 (R T A AN . KRGS Bl R RUE D
B, TEPERRRS IO, dEmssm 14 DOC .
JE R S50 B LR I B K BB ARAN R T 124 DOC ¥
o AR A IRBNAE N G FE B R L 2
PIREIR s 1L i K 4 I 26 A4 A F T DOC I H .
+3% DOC ¥4 hn &AL XS F /K BT 100% B 53 I
AN, BESED S T REMIRE, XM THRE
A MU AR 2R 2 3 S K R 5l R A . K
I BRI AT RE N AR ) i A B A AR K
fER AR AR ST, TR o8 B AR, AT IR
SRV
3.2 HREMERR TIERA BRI

1358 LFOC & 4 - 458 b AH HEE B Bt 1k A P o f
WA MUK, 3X 5878 HUBRAE AT 78 J0 B[] N & AR A
Mo, FESZHREVEME. AR E MK
SRR . 3% LFOC W N MR i 5
REt, T IAEAS R G0 I BRAE AF0 3% 20 76 A 0%
BAER . LI3Ed LFOC I m i PEAE AR 5 52 B3R5
AT AR AR RS, T 35 R R AR PR AR G L o
LFOC Mg g — MR A M F20, LFOC & & 52
RIPE FH S N2 2, EAS [F) VR RIS PR AL L i AT
KRN E AT, T3 LFOC &84k LR
BNk ts, IX 3 TR RS PR VE A R
iR, WA NUR R FREE, 1 R R 2 ik
BAHHENR R SRR, MHERSZRHMED
BEfAE . ThAE PRS0 B AT T VR MRS PR B AN [ 1
Fof) IR A UK S o SRR, R I R
RHEIRR BRI I, 3% LFOC SEBIN T 33.24% ~
70.58%, FFIA A (1 O b 5 250 - A Wi A i A i
g6, 155 LIRSS GRS T EAV AR,

B N FRAA L, [FIE BT VR AR AE P 3R
BRI TR, AL LB A [T 3 R AS [F] 72 B2 th
FFGHK, WS FRA VTR, Nt
Brh LFOC & &, RE5AMITIHSER—5. AFH
R TR B AR G5 mT [A) 264K, L3 LFOC & &2
MEAEEMZERME, KRB FEHESXGT,
13 LFOC &&= 8im. — /7 T/ BT IR A B 1)
R4 A 3K o) T2 B BE AR e VK, 38 17 5 1
TR, FRARRUCEDIREYE . DRSEA WL 53
W, AFE VLA LI AR E, A DAY
Bfg, M09 LFOC & & . AN, K E
IR P 50 ST AR R 25 A A R il e R LB
B, WAV R LR R, RS
IIRIEZRD, 3 LFOC & & 5T & /K & IEA S,
FE VA AR G 5 KB (100%) A3 i A0 AE o 5 7K B
(120%) W, LFOC &% & & & & TN S /KERN
40% F CK 4 . /= F /K &0 RE s e -+ 398 i
PR ) AR A He, K 338 P AR ) R R AL B 2
FEAERZIC, T YIE S KB RS ECE Z K S
SRR R, R 2 e K A HE SR A R A R
S K6 () T BT RE X 3 LFOC #9445 AT 7% 77 A=
AN
3.3 HRRMER T ERLA HLERR RN

13 POC R IERIARSE 53 ~ 2000 um [8] ) + 3
KR & A HLER,  E BERIE T 2 fR el FE S5 A )
WAy i, 38R B A SR AL S DUBORL T 20 (it
KA A TIPS M R G4 4, 2+
198 [ SR A ) F o M S LY SO R 9 R 2 RE 07, IR
Rl A s e I R A R E M AR R,
e gacne: Ei b A UL IR YN E w2 XA OPNN ]
SRFE, N TSR 1 AR E A K . Ludwig G500
WFFE R, T3 POC & S M R RGBT 3 n
PN (BT A EN R B 3 POC 7t bl VR il A
YRG5 2 3G 0 5 38 0 2% 12 SR RN s, —
7 THI W] 8 2 F A5 1 R G 20 RE s 4 i L
AEVBEEE, I RTERRURI B, AR PR 1
IS 850 2 1) BURLAS A MU 7 AR R 8
A—J5H, POC AlftS HIET WPk s &R E &
Y, BA—m RS, (H 2 IRGR R R T
T3 POC 50 Wik 2 R A EAEFH, f# POC #
BB . 3 POC & & Bl 45 VR 45 5% 1 PRI
MHEH N, SRR N-15°C I, 13 POC 5
SR . BUIR IR 45 iR T RERE DR 22 35 Th i AE i
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A SRR A B /N e e MR R, BT [ 5 1 WL S e
I [A]ER K09, H 152 BIA HLEK [ ORF 2805 AN A A )
TR RS, RS TR] R R 45 RE RS A 3 1A WL
Jo A X B S M AR R A RS R T AN 5 0 i, iR 1
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B VR S ) (A) ) RE K, 358 [ SRR A T b 2 s R A
N, AR 2 (] AR B F R AR AR AL, s2 e BLEK
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N 120% B, POC & & s, Ui K ae 5 A ML
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The Influence of Freeze-thaw Effect and Moisture Content on Active
Organic Carbon in Black Soil

WANG Nan"?, WANG Yang', CUI Zheng-wu'*, YUAN Yu-yu'-2, XU Lin-hao?, ZHANG Ke-yu'
(1. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. Yanbian University, Yanji 133002, China)

Abstract: [Objective] Conducting research on the impact of freeze-thaw conditions on soil active organic carbon can provide basic data
and theoretical basis for the study of organic carbon conservation and carbon balance in black soil areas. [Method] Taking typical middle
layer black soil in Dehui area as the research object, the effects of different freeze-thaw cycles, freezing time, freeze-thaw temperature,
and moisture content on soil active organic carbon were investigated through freeze-thaw control experiments. [Result] There were
significant differences in the response of soil active organic carbon components to freeze-thaw conditions. The content of Dissolved
Organic Carbon (DOC), Light Organic Carbon (LFOC), and Particulate Organic Carbon (POC) in soil gradually increases with the
increase of freeze-thaw cycles, and the growth rate slows down after 20 freeze-thaw cycles; Soil Microbial Biomass Carbon (MBC)
fluctuates between 0.160 g kg™' and 0.164 g kg™ after 12 freeze-thaw cycles. Both a decrease in freezing temperature and an increase in
melting temperature can promote an increase in soil DOC, LFOC, and POC content, while the soil MBC content decreases with a
decrease in freezing temperature and increases with an increase in melting temperature. However, the content still decreases by 10.42% to
24.48% compared to the control state. The content of soil DOC, LFOC, and POC showed significant differences with the increase of
freezing time, with a significant increase from 12 to 48 hours; The increase in freezing time resulted in a significant decrease in soil MBC
content, with a decrease of 52.60% at 96 hours of freezing time. As the moisture content increases, the content of soil DOC, LFOC, and
POC gradually increases. When the relative moisture content is between 80% and 100%, the increase in LFOC content is most
significant, ranging from 9.69% to 38.48%; The soil MBC content gradually decreases, and the decrease tends to be gradual when the
relative water content is between 80% and 100%. [Conclusion] The freeze-thaw cycle is beneficial for enhancing or maintaining soil
organic carbon, and frequent freeze-thaw cycles can increase the content of some active organic carbon components and promote soil
nutrient cycling.

Key words: Freeze-thaw cycle; Moisture content; Black soil; Active Organic Carbon
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